Title of the Invention 

Positive Electrode Active material for a Non-aqueous Electrolyte Cell and 



background 0 f the Invention 
Field of the Invention 

The present invention relates to a positive electrode for a non-aqueous 
electrolyte cell and a non-aqueous electrolyte cell and in particular, to improvement 
of a spine] -type lithium composite manganese oxide as an active material. 

Description of Related Arts 

Recently, high-performance, small-size, portable electronic devices have been 
developed and a secondary cell of a high energy density is required as a drive source 
for these devices. As a secondary cell used for these electronic devices, there can be 
exemplified a nickel-cadmium secondary cell, a lead accumulator, nickel -hydrogen 
secondary cell, lithium-ion secondary cell, and the like. Among them, the lithium-ion 
secondary cell has a high cell voltage, a high energy density, small self-discharge, and 
no memory effect. 

Currently, in the lithium-ion cell, it is usual that lithium cobaltate (Li x Co0 25 0 
< x < 1) having a layered structure is used for the positive electrode and carbon having 
a layered structure is used for the negative electrode. The lithium cobaltate exhibits 




1 



a voltage characteristic of 4 V or above and can retain a comparatively stable structure 
for the lithium-ion doping and dedoping. However, cobalt is limited as resources and 
expensive. Accordingly, it is desired to use a positive electrode material not 
containing cobalt. 

As a candidate of the positive electrode material not containing cobalt, there can 
be exemplified lithium nickelate having layered structure (Li x Ni0 2 , 0 < x < 1) and 
lithium manganate (LiMn 2 0 4 ) having spinel structure. Especially, the lithium 
manganate is cheap and has a high safety, attracting attention as a positive electrode 
material of the next generation. 

However, the lithium manganate has a problem that during a storage at a high 
temperature and a cycle, the manganese is dissolved into the electrolytic solution, 
deteriorating the cell characteristic. For practical use, it is necessary to improve the 
cell characteristic by suppressing the dissolving of manganese. 

In order to prevent dissolving of manganese into the electrolytic solution, for 
example, as is disclosed in Japanese Patent Publication 9-147859, it is effective to 
reduce the specific surface of the positive electrode active material so as to reduce the 
contact area with the electrolytic solution. It is true that reduction of the specific 
surface can reduce the dissolving of the manganese but the reduction of the specific 
surface results in increase of the particle diameter, deteriorating the reaction at lithium 
doping and dedoping, which in turn deteriorates charge-discharge characteristic at a 
high load. The reason of the deterioration of the reaction is considered to be that when 
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the particle diameter.is increased, the lithium-ion dispersion becomes slower. In order 
to increase the speed of the lithium dispersion, the crystal particle diameter should be 
small. Thus, the particle diameter control alone cannot achieve both of the cycle- 
characteristic and the high load characteristic. 

Summary of the Invention 

It is therefore an object of the present invention to provide a positive electrode 
active material capable of achieving both of the cycle characteristic and the high load 
characteristic for a non-aqueous electrolyte cell and to provide a production method 
thereof and a non-aqueous electrolyte cell. 

In order to solve the aforementioned problem, a study has been made on the 
physical properties of the positive electrode material and the cell deterioration due to 
manganese dissolving and it has been found that the manganese dissolving amount 
depends on the specific surface obtained by the BET method and the manganese 
dissolving amount is reduced as the specific surface obtained by the BET method is 
reduced. Furthermore, the specific surface obtained by the BET method becomes 
smaller when a primary particle diameter which is small forms an aggregate. The 
present invention has been completed by optimizing the sintering condition and the 
crush condition and controlling the primary particle size and the specific surface 
obtained by the BET method. Here, the term "aggregate" means several unit particles 
(primary particles) collected by a chemical connection force to form a composite 
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particle (secondary particle). 

The positive electrode active material according to the present invention 
contains lithium composite manganese oxide having spinel structure for a non-aqueous 
electrolyte cell whose primary particle diameter is not less than 0.05 ^im and not 
greater than 10 \xm, forming an aggregate, and whose specific surface measured by the 
BET method is not less than 0.2 m 2 /g and not greater than 2 m 2 /g. 

Moreover, the non-aqueous electrolyte secondary cell according to the present 
invention includes: a positive electrode containing as a positive electrode active 
material a lithium composite manganese oxide having spinel structure and whose 
primary particle diameter is not less than 0.05 \im and not greater than 10 jxm, forming 
an aggregate, and whose specific surface measured by the BET method is in a range 
not less than 0.2 m 2 /g and not greater than 2 m 2 /g, a negative electrode, and an 
electrolyte. 

Brief Description of the Drawings 

Fig. 1 is a cross sectional view showing a configuration example of a cylindrical 
non-aqueous electrolyte cell. 

Detailed Description of Preferred Embodiments 

Description will now be directed a positive electrode material for a non-aqueous 
electrolyte cell, a production method thereof, and a non-aqueous electrolyte cell using 
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this. 

In the present invention, lithium composite manganese oxide having spinel 
structure is used as the positive electrode active material and its primary particle 
diameter is defined as not less than 0.05 \xm and not greater than 10 ^im. When the 
primary particle diameter is greater than 10 |am, the high ratio discharge characteristic 
is deteriorated and when the primary particle diameter is smaller than 0.05 \xm, it is 
impossible to obtain a sufficient effect of suppressing manganese dissolving by 
aggregation. 

The primary particle diameter is preferably not less than 0.1 \im and not greater 
than 5 \xm and more preferably, not less than 0.5 \xm and not greater than 3 jxm. 

Furthermore, the material having the aforementioned primary particle diameter 
has a specific surface defined as not less than 0.2 m 2 /g and smaller than 2 m 2 /g when 
aggregated. This is because when the specific surface is smaller than 0.2 m 2 /g, the 
high ratio discharge characteristic is deteriorated, and when the specific surface is 
greater than 2 m 2 /g, aggregation cannot suppress the dissolving of the manganese. 

The specific surface is preferably not less than 0.2 m 2 /g and smaller than 1 m 2 /g 
and more preferably, not less than 0.25 m 2 /g and smaller than 0.6 m 2 /g. 

The lithium composite manganese oxide having the spinel structure (spinel type 
lithium manganate) can contain up to 0.3 atomic ratio of one or more additive elements 
selected from a group consisting of Ti, V, Cr, Fe, Co, Ni, and Al. The content of the 
additive element is defined up to 0.3 atomic ratio because when the content of the 
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additive element exceeds 0.3, it becomes difficult to maintain the spinel structure, 
lowering the cell characteristic. 

Accordingly, the aforementioned lithium composite manganese active material 
can be expressed by a general formula Li x Mn 2 . y M y 0 4 (wherein 0.90 £ x £ 1.4 and y < 
0.30, and M is one or more elements selected from a group consisting of Ti, V, Cr, Fe, 
Co, Ni, and Al). 

The content of the additive element is not greater than 0.15 and more preferably 
not greater than 0.10. 

In order to obtain such a lithium composite manganese oxide, the starting raw 
material of lithium composite manganese oxide is mixed with a predetermined 
composition, subjected to a pressurized molding, and sintered at a temperature not 
lower than 600°C but not higher than 900°C. 

In this invention, the sintering temperature is defined as not lower than 600 °C 
and not higher than 900°C. When the sintering temperature is lower than 600°C, it 
is impossible to obtain a sufficient aggregation of the primary particles which reduces 
the specific surface. Moreover, when the sintering temperature is higher than 900 °C, 
the primary particle size is increased over than the defined value. The sintering 
temperature is preferably not lower than 600°C and not higher than 850°C and more 
preferably not lower than 650°C and not higher than 850°C. 

The lithium manganate thus generated can be applied as a positive electrode 
active material for a non-aqueous electrolyte cell (such as a non-aqueous electrolyte 
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secondary cell) in combination with a negative electrode and an electrolytic solution 
as follows. 

The negative electrode may be any that can reversibly dope and dedope lithium 
such as pyrocarbons, coke (pitch coke, needle coke, petroleum coke, and the like), 
graphite, glassy carbon, organic polymer compound sintered body (phenol resin, furan 
resin, and the like sintered at an appropriate temperature so as to be carbonized), 
carbon fiber, active carbon, and other carbon materials, or metal lithium, lithium alloy, 
polymers such as polyacene, polypyrol, and the like. 

The electrolytic solution uses lithium salt as an electrolyte which is solved in 
an organic solvent. Here, the organic solvent is not limited to a particular one. For 
example, the organic solvent may be propylene carbonate, ethylene carbonate, 1, 

2- dimethoxy ethane, y-butyrolactone, tetrahydrofuran, 2-methyltetrahydrofuran, 1, 

3- dioxolane, sulfolane, acetonitrile, diethyl carbonate, dipropyl carbonate, and the like, 
each of which can be used solely or in combination with one or more of the others. 

The electrolyte may be LiC10 4 , LiAsF 6 , LiPF 6 , LiBF 4 , LiB(C 6 H 5 ) 4 , LiCl, LiBr, 
CH3SO3U, CF3SO3L1, and the like. 

Moreover, the present invention can be applied not only to a non-aqueous 
electrolyte cell using a non-aqueous electrolytic solution containing an electrolyte 
solved in a non-aqueous solvent but also to a cell using a solid electrolyte containing 
an electrolyte dispersed in a matrix polymer as well as to a cell using a gel-like solid 
electrolyte containing a swelling solvent. Furthermore, the present invention can be 
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applied not only to a secondary cell but also to a primary cell. 

The cell according to the present invention may have a cylindrical shape, 
angular shape, coin shape, button shape, and the like, and is not to be limited to a 
particular shape. The cell according to the present invention may be a thin type, 
large-size type, and not to be limited to a particular size. 

Next, explanation will be given on a specific configuration example of a 
non-aqueous electrolyte cell according to the present invention arid a production 
method thereof. 

Fig. 1 shows an example of a cylindrical-shape non-aqueous electrolyte cell. 
Such a non-aqueous electrolyte cell 1 is produced as follows. 

The positive electrode 2 is produced as follows. A positive electrode composite 
agent containing a positive electrode active material (spinel type lithium composite 
manganese oxide) and a binder is uniformly applied onto a metal foil such as an 
aluminum foil serving as a positive electrode collector and dried to form a positive 
electrode active material layer. The aforementioned binder of the positive electrode 
composite agent may be a known binder and the aforementioned positive electrode 
composite agent may be added by a known additive. 

The negative electrode 3 is produced as follows. A negative electrode 
composite agent containing a carbon material serving as a negative electrode active 
material and a binder is uniformly applied onto a metal foil such as a copper foil 
serving as a negative electrode collector and dried to form a negative electrode active 
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material layer. The aforementioned binder of the negative electrode composite agent 
may be and known binder and the aforementioned negative electrode composite agent 
may be added by a known additive. 

The positive electrode 2 and the negative electrode 3 thus obtained are attached 
to each other via a separator 4 formed by, for example, a porous polypropylene film 
and wound multiple times into an eddy shape so as to constitute a wound-layered body. 

Next, an insulation plate 6 is inserted into an iron cell can 5 whose interior is 
plated by nickel and the wound-layered body is put into the cell can 5. Then, for 
current collection of the negative electrode, one end of a negative electrode lead 7 
formed, for example, from nickel is attached to the negative electrode 3 and the other 
end is welded to the cell can 5. Thus, the cell can 5 is electrically connected to the 
negative electrode 3, serving as an external negative electrode of the non-aqueous 
electrolyte cell 1. Moreover, for current collection of the positive electrode 2, one end 
of a positive electrode lead 8 formed, for example, from aluminum is attached to the 
positive electrode 2 and the other end is electrically connected to a cell cover 10 via 
a current interrupting thin plate 9. This current interrupting thin plate 9 interrupts 
current according to a cell internal voltage. Thus, the cell cover 10 is electrically 
connected to the positive electrode 2, serving as an external positive electrode of the 
non-aqueous electrolyte cell 1. 

Next, a non-aqueous electrolytic solution is poured into this cell can 5. This 
non-aqueous electrolytic solution is prepared by solving an electrolyte in a 
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non-aqueous solvent. 

Next, the cell can 5 is caulked via an insulation sealing gasket 11 painted with 
asphalt, so that the cell cover 10 is fixed. Thus, a cylindrical non-aqueous electrolyte 
cell 1 is ready. 

It should be noted that in the non-aqueous electrolyte cell 1, as shown in Fig. 
1 5 a center pin 12 is provided to be connected to the negative electrode lead 7 and the 
positive electrode lead 8, a safety valve 13 is provided to outlet an internal gas when 
a pressure in the cell exceeds a predetermined value, and a PTC element 14 is 
provided to prevent temperature increase in the cell. 

Examples 

Hereinafter, explanation will be given on specific examples of the present 
invention based on experiment results. 
Experiment 1 

A Li raw material, a Mn raw material, and an additional element raw materia] 
were measured to be 2 kg in total with a predetermined composition and mixed in a 
rotary ball mill for five hours. The raw material mixture was molded by a pressurized 
tablet molding apparatus with 400 kgf/cm 2 and then sintered in the atmosphere at 
800°Cfor 15 hours. The sintered active material was crushed in a vibration type ball 
mill for 10 minutes. 

As comparative examples, the raw material mixture was mixed in the rotary ball 

10 



mill for 5 hours and then without being subjected to pressurized molding, sintered at 
800 °C for 15 hours. The sintered mixture was then crushed in the vibration type ball 
mill for 5 minutes and for 10 minutes to obtain comparative examples. 

e Positive electrode active materials obtained were subjected to a tissue 
observation dm SEM and a specific surface measurement by BET method so as to 
obtain values of the primary particle diameters and specific surfaces. 

Table 1 shows the values of the primary particle diameter and specific surface 
of the active materials thus obtained. 



[Table 1] 





Composition 


Primary Particle 
Diameter (\xm) 


Specific surface 
(m 2 /g) 


Example 1-1 


Li 101 Mn 2 O 4 


2.5 


0.80 


Example 1-2 


Li 1.02 Mn i.98 C °0.02 O 4 


1.6 


0.52 


Example 1-3 


Li 0 . 96 Mn 190 V 0 . 10 O 4 


4.0 


1.36 


Example 1-4 


Lij.oMn^gNio^ 


3.1 


1.45 


Example 1-5 


LiKooMn K85 Fe 015 0 4 


8.2 


1.95 


Example 1-6 


Li i.io Mn i.7 5 Cr 0 . 25 0 4 


3.6 


0.84 


Comparative 
Example 1-1 


Li, 03 Mn a96 Ni a04 O 4 


0.8 


2.24 


Comparative 
Example 1-2 


Li 0 99 Mn 0 70 A1 0 30 O 4 


2.3 


3.58 


Comparative 
Example 1-3 


Lij ogMn, 85 Co 0 15 0 4 


5.5 


0.17 




11 



The aforementioned positive electrode active materials were used to produce 
cylindrical cells by a method described below and their cell characteristics were 
evaluated. 

In order to produce a positive electrode, 86 weight % of active material powder, 
10 weight % of graphite as a conductive material, and 4 weight % of polyvinylidene 
fluoride (PVdF) as a binder were mixed and dispersed in N-methyl-2-pyrrolidone 
(NMP) to obtain a positive electrode mixture slurry. This slurry was uniformly applied 
to both sides of a belt-shaped aluminum foil having a thickness of 20 ixm ; and after 
dried, pressed by a roller press to obtain a belt-shaped positive electrode. It should be 
noted that the filling density of this positive electrode was measured to be 2.8 g/cm 3 . 

Next, a negative electrode was produced as follows. 90 weight % of artificial 
graphite powder and 10 weight % of PVdF were mixed and dispersed in NMP to 
obtain a negative electrode mixture slurry. This mixture slurry was uniformly applied 
onto both sides of a copper foil having a thickness of 10 jxm, and after dried, pressed 
by a roller press to obtain a belt-shaped negative electrode. 

The belt-shaped positive electrode and the belt-shaped negative electrode thus 
obtained was wound multiple times via a porous polyolefin film to obtain an 
eddy-wound type electrode body. This electrode body was put into an iron cell can 
plated by nickel and an insulation plate was arranged at the top and bottom of this 
electrode body. Next, an aluminum positive electrode lead was brought out from the 
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positive electrode collector and welded onto the bottom of the cell can. 

On the other hand, the electrolytic solution was prepared as follows. 

LiPF 6 was solved with concentration of 1 mol/cm 3 in a mixture solution of 
ethylene carbonate and methylethyl carbonate at volume rate of 1 : 1, so as to obtain 
a non-aqueous electrolytic solution. 

Lastly, the electrolytic solution was poured into the cell can containing the 
aforementioned electrode body and the cell can was caulked via an insulation sealing 
gasket so as to fix a safety valve, a PTC element, and a cell cover, thus obtaining a 
cylindrical cell having an outer diameter of 18 mm and a height of 65 mm. 

As an index of manganese dissolving from the positive electrode, a capacity 
ratio after 200 cycles was obtained with respect to the initial capacity. Moreover, as 
a high ratio discharge characteristic, a discharge capacity ratio between discharge 
current of 750 mA and discharge current of 4500 mA was obtained. The results are 
shown in Table 2. 



[Table 2] 





Capacity ratio after 200 
cycles (%) 


3C/0.5C high ratio 
discharge capacity ratio 

(%> 


Example 1-1 


88 


72 


Example 1-2 


82 


73 


Example 1-3 


91 


78 
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Example 1-4 


86 


74 


Example 1-5 


83 


71 


Example 1-6 


81 


73 


v_a) mp a la 1 J v e 
Example 1-1 


/i 


/4 


V^UIUpdlallVC 

Example 1-2 


DO 


oZ 


Comparative 
Example 1-3 


85 


38 



As is clear from Table 2, when crushing, mixing, pressurized molding, and 
sintering are performed as in Examples 1-1 to 1-6, so as to obtain a primary particle 
diameter and a specific surface within a range of the present invention, the cell cycle 
capacity ratio and the high ratio discharge capacity ratio exhibit preferable values. 
However, as shown in Comparative Examples, when the crushing, mixing, and 
sintering alone are performed and primary particle diameter or the specific surface is 
out of the present invention, the cycle capacity ratio or the high ratio discharge 
capacity ratio is lowered. 

Experiment 2 

A Li raw material, a Mn raw material, and a Ni raw material were measured to 
be 2 kg in total with a composition of Li L0 Mn 1>8 Ni a2 O 4 and mixed in a rotary ball mill 
for five hours. The raw material mixture was molded by a pressurized tablet molding 
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apparatus with 400 kgf/cm 2 and then sintered in the atmosphere at various 
temperatures for 15 hours. The sintered active material was crushed in a vibration 
type ball mill for 10 minutes. The active material thus obtained was subjected to a 
tissue observation and a specific surface measurement by the BET method so as to 
obtain values of the primary particle diameter and the specific surface. 
Table 3 shows the values obtained. 



[Table 3] 





Sintering 
temperature (°C) 


Primary particle 
diameter (fxm) 


(m 2 /g) 


Example 2-1 


600 


0.2 


1.88 


Example 2-2 


780 


3.5 


1.34 


Example 2-3 


800 


3.1 


1.45 


Example 2-4 


900 


8.2 


0.39 


Comparative 
Example 2-1 


560 


0.04 


2.47 


Comparative 
Example 2-2 


920 


13.8 


0.18 



The aforementioned positive electrode active materials were used as the positive 
electrode materia] to produce cylindrical cells in the same way as Example 1 and their 
cell characteristics were evaluated. As an index of manganese dissolving from the 
positive electrode, a capacity ratio was obtained after 200 cycles with respect to the 
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initial capacity. Moreover, As the high ratio discharge characteristic, a discharge 
capacity ratio was measured between the discharge current of 750 mA and discharge 
current of 4500 mA. The results are shown in Table 4. 



[Table 4] 





Capacity ratio after 200 
cycles (%) 


3C/0.5C high ratio 
discharge capacity ratio 

(%) 


Example 2-1 


87 


73 


Example 2-2 


84 


75 


Example 2-3 


86 


74 


Example 2-4 


83 


72 


Comparative 
Example 2-1 


62 


75 


Comparative 
Example 2-2 


88 


32 



As is clear from Table 4, when the sintering temperature is within a range of the 
present invention and the primary particle diameter and the specific surface are within 
a range of the present invention, the capacity ratio after cycles and the high ratio 
discharge capacity ratio exhibit preferable values. However, when the sintering 
temperature is out of the range of the present invention and the primary particle 
diameter or the specific surface is out of the range of the present invention, the cycle 
capacity ratio or the high ratio discharge capacity ratio is lowered. 



As is clear from the above explanation, according to the present invention, by 
defining the primary particle diameter and the specific surface of the spinel type 
lithium composite manganese oxide, it is possible to provide a positive electrode active 
material for a non-aqueous electrolyte cell and a non-aqueous electrolyte cell having 
an excellent high ratio discharge characteristic with reduced cell deterioration due to 
manganese dissolving. 
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